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RESEARCH MEMORANDUM

INVESTIGATION OF AERODYNAMIC AWD ICING CHARACTERISTICS

or VMR-M—SEPMOK INLETS FOR
TURBOJET ENGINES

By Uwe von Glahn end Robert E. Blatz

SUMMARY

The results of an Investlgation of several internal water-
inertis-separation inlets consisting of a main dnct and en elter-
nate duct designed to prevent autamatiocally the entrance of large
quantities of weter into a turbojJet engine In lcing conditions are
presented. Total-pressure losses and loing characteristiocs for a
direct-rem Inlet and the inertia-separation inlets are campared at
aimllisr serodynemic and simmlated lcing conditions.

Camplete ice protection for Inlet gulde vanes could not be
achleved wlth the Inexrtla-separation inlets investigated. Approxi-
mately 8 percent of the volume of water entering the necelles
remained in the alr paseing into the compressor inlet. Heavy
alternate-duct-elbow ice formations caused by secondary lnertie
separation resulted in rapld total-pressure losses end decreases
in mass flow. The duration in an lcing condition for an inertia-
separation Inlet, without local surface heating, was inocreesed
approximately :l’our times sbove that for a direct-rem Inlet with a
campressor-inlet screen. For normal nonicing operation, the inertia-
geparation-inlst totel-pressure losses were comparable to a direct-
ram installation. The pressure losses and the circumferentlal unl-
formlty of the msss flow in all the Inlets were relatively inde-
pendent of angle of atbtack, TUse of an inertia-separatlion Inlet
would in most cases reguire a larger dlameter nacelle than a direct-
ram inlet in order to obtain an alternate duot sufficlently large
t0 pess the required engine air flow at duct Mach mumbers below
1.0 at the minimm area. -

INTRODUCTION

Turbojet-engine ice protec ~on by means of an inlet designed
to0 separate the free liquid water from the intake air by water
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inertia separatlion 1s shown to have possibilities in reference 1.
All the inlets investigated conslsted of a slngle-inlet nacelle
(fig. 1) followed by a mein duct for nonicing operation and an
‘alternate duct with sharply curved passages through which air,
.with a reduced water content, passed to the compressor unit during
an iocing condition. The results cbtalned in the investigations of
reference 1 showed that complete water separation could be obtalned
only at the expense of conslderable total-pressure losses when the
air pessed through the alternate duoct. The water-separation effec-
tivensss of Inertia-separation inlets is shown Iin reference 1l to
be a function of alternete-duot-inlet gap (fig. 1), radial offset
of the duct-splitter ring with respect to the nacelle inlet, our-
veture of the alternate-duct surfaces, and air velocity through the
auct, Design charts in reference 1 Indicate that small Inlet gaps
are required to prevent small cloud droplets from entering the
alternate duct. A amall inlet gap, however, limits the mess flow
through the alternate duct and produces high duct-alr velocitles
that cause lerge pressure losses.

Several improved designe, based on the investigation of refer-
ence 1, were developed at the NACA Lewis laboratory; these designs
were intended to operate ln nonlcing conditions at pressure-loss
values comparable to direct-ram Inlets and to give adequate ice
protection with seatlsfactory pressure recovery through the alter-
nate duot in an icing comdition.

The four water-inertia-separation Iinlets evaluated herein
wore designed with the &i1d of & simplified analysis and the design
charts presented 1ln reference 1, whereas the lnlets previously
investigated were designed by a systematic veriation of the con-~
Flguration components prior to the development of design chearts.
Asrodynamic and 1lcing studles of these four water-inertia-separation
inlets reported herelin were conducted in the NACA &~ by 9-foot
icing-research tumnel. The data were analyzed to obtain pressure-
loss veluss at similar mass alr flows amd to compare the icing tol-
erance that cen be obtained with inertia-gseparation inlets with
that obtalned with & conventional direot-ram inlet.

SYMBOIS
The following symbols are used in this report:
A area, square feetb .

ht reiial offset of duct-splitter ring, inches
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L helght of duct at instrumentation stations, iInches

4 distance from outer duct wall to pressure-measuring tube,
inches

M Mach number.

m mase flow, pounds per second

m/m.l ratio of mess flow after time Interval to initiel meass flow

P total pressure, pounds per square foot

R alternate~duct-inlet turning radius, inches
¥ indliocated alrspeed, miles per hour

« engle of attack of nacelle, degrees
Subscripts:

0 free stream

2 compressor inlet

e alternate duct

av average

i initial condition

APPARATUS ARD INSTRUMENTATION

The inlets investigated (See fig. 2 for typlcal model.) were
constructed of wood and hed a 28-inch marimum dlemeter. At the
vertical plene of the inlet gulde vanes or compressor inlet, the
internal duct hed a 19.3-inch outside dlameter and a 135.3-inch
inside diemeter (accessory-housing dlemeter), which resulted in a
compressor-inlet aree of approximately 155 square inches for all
inlets investigated. The various configurations were designed to
provide two concentric ammmlar ducts separated by & duct-splitter
ring. The principal components of & typical iIntermal water-inertia-
separation inlet eare shown in figure 1. The nose inlets were
mounted on the cirouler afterbody used in the investigation reported
in reference 2.
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The angle of attack of the model was varied by turning the
model in a horizontal plane. The top and the bottom of the nacelle
thus corresponded to the horizontal axis of a typical nacelle on an
alrcraft. .

Two types of main-duct compressor-inlet screen were used in
the investigation. The purpose of these screens was to obtein
rapid blockage of the main duct in an icing condition and cause
the water inertia separation provided by the alternate duct to
become effectlive before the gulde vanes iced severely. The first
screen conslsted of concentric streamlined wires 0.192 inch in chord
and 0,048 inch in thickness with & center-line spacing of 0.312 inch.
The second screen, used as a substitute for the first screen, con-
sisted of comcentric round wires of 0.062-inch diameter with a
center-line spacing of 0.156 inch. No screen was installed in the
alternste duct.

A group of four .flat blades (fig. 1), each 0.75 by 3.0 inches
in size, 0.062 inch thick, and spaced 90° apart circumferentially
at the oompressor-inlet section, served es ice indicators. The
blades were mounted with the 0.75-inch dimension perallel to the
alr stream. The slze of these blades was such that a high water-
collectlion efficlency wes assured and a comparison of the quantity
of ice collected on the bledes for the various inlets in icing con-
ditions was an indication of the inertia-separation effectiveness.
For some studies, one of the flat blades was replaced by a typical
l-inch-chord curved inlet guide vane in order o determine its icing
cheracteristios in an inertia-separation inlet. In order to deter-
mine the icing characteristiocs in the alternate duct, an ice-
indicator rod of 0.062-inch dilameter was placed 4n the vertiocal
plane of the trailing edge of the duct-splitter ring (fig. 1).

At the compressor-inlet plane, four 9-tube electrically heated
rakes wore used to determins the radial profiles of veloclty, mass
flow, end total pressure. The center tube in each rake was a
static-pressure tube and the remainder were totel-pressure tubes.
The rakes were circumferentially spaced about the canpregsor inlet
in order to determine the aerodynemic effects of angle of attack
on the performance of the various inlets. Two addltional rakes,
each consisting of five heated tubes (four total-pressure tubes
and a static-pressure tube), were mounted in the alternate duct
(fig. 1) on the horizontal exis of the model center line. Two
electrically heated static-pressure tubes were mounted in the mein
duct shead of the screen between the duct-splitter ring and the
accesgory housing. Pressure readings from gll the rakes were
photographically recorded from multiple~tube manometers.
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CONFIGURATIORS

Four inertila-separation inlets and one direct-ram inlet were
investigated. Coordinates for all inlets with reference to the
nacelle nose In the dlirectlon of the x-axls and the nacelle center
line in the direction of the y-axis are glven In tebles I to III.
The outer contours and the inlet-1ip radil were designed on the
basis of results reported in refsrence 1.

The followlng table presents the principal design dimsnsions
and area ratios for the alternate ducts of the inlets Investigated:

Config- Minimm Radial | Design inlet | Design minimum

uretion | nacelle-inlet | offmset £8p area at
area h! (in.) inlet gap
(sq in.) (in.) (sq in.)

A 109 -— -— -

B 109 2.2 1.3 71

c 154 1.5 1.6 85

D 154 1.4 ‘1.4 74

E 154 1.1 1.9 99

During fitting of the varlous ocomponents and installation in the
tunnel, small changes in the dimensions were unavoideble eand the
effects of these changes wlll be subsequently discussed.

. Cross sections of the inlets investigated are shown in fig-
ure 3. For conflgurations A and B, the inlets were designed to
accamodate a standard production turbojet engine; wherees for con-
figurations C, D, and B the entrence leadlng to the compressor was
modifled 1n the interests of lmproved alr flow by & sheet-metal
fairing, as shown in figure 1.

The internal contours of the direct-ream inlet (configuration A)
served. as a base line for the design of an alternmate duct. The
alternate-duct inlet was chosen to be near the acoessory-housing
nose (fig. 1) in order that the radial offset of the duct-splitter-
ring nose 41d@ not cause an &brupt change in the mein-duoct area,
with attendent large pressure losses. The alternste-duct gap was
then calculated using the simplified design charts of reference 1
for a droplet size of 15 microns and a duct-alr veloclty at the
gap of 550 mlles per hour. The point at which the gep ocours in
the alternate duct was arbitrarily chosen to ocour at the 90° point
of the turning radiuvs (component G, fig. 1)}. The minirum area of
the alternste duct was thus established at the alternate-duct gap.



6 : ) NACA RM ESOEO3

This minimm area specifies the maximum mass flow that the alter-
nate duct may pass. The area gredually increased downstreem of
the entrance of the compressor face. The angle that the main-duct
screen makes with the accessory housing is determined by the space
available between the trailing edge of the duct-splitter ring and
the bearing struts or the guide-vane location. Configuration D
was simllar to C except that the gap of D was arbitrarily decreased
12 percent, as shown in figure 3. Configuration E resulted from
the combination of the nacelle shell of configurations C and D
with the duct-splitter ring of configuration B.  The altermate-
duct gap wes set at 1.9 inches to pass a large mass flow, to reduce
Pressure losses, and to determine the water-separation effective-
ness of large gep inlets. _ _ - -

PROCEDURE

The aerodynamic investigations were conducted in the lewis
6~ by 9-foot icing-research tumnnel at a tunnel-air velooity of
approximately 250 miles per hour. These investigations were made
with the soreens removed at angles of attack of 0°, 2°, 4%, and 6°
to obtaln aerciynamic data independent of screen losses, at mass
flows per unit area ranging from 10 to 30 pounds per second per
squere foot. The model was also investigated for the same range
of conditions with air flowing through only the alternate duct.
The main duct was blocked with a plate at the screen location in
order to simulate a fully ilced screen.

The icing Investigations for each configuration were con-
ducted under similar tummel icing conditions in order to provide
a comnon basis for comparison. ZEach inlet wes investigated at two
different mass flows with the main duct blocked in crder to deter-
mine the effect of alr velocity through the alternste duct on the
duct icing characteristics. . The inlets were then Investigated in
icing conditions with the main-duct screen installed.

The loing studles were conducted at tummel air velocities
renging from 100 to 250 miles per hour and at an angle of attack
of 0°. Droplet size and water concentration were determined by
rotating multicylinders. The mean effective droplet size was
approximately 10 miorons. Water ooncentrations from 0.6 to
1.5 grams per cublc meter were used. The total alr temperature
in the tunnel ranged from 10° to 20° F. The duration of the icing
periods verled from 2 to 24 minutes. At the end of each icing
period, photographs were taken of the nacelle noge and duct-
splitter ring, the alternate duct and elbow, the compressor-inlet
screen, and the various ice indicetors. '
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RESULTS AND DISCUSSION

Asrodynamic Resultas

The tressure loss at wvarlous rake stations was calculated as
Po-P, vwhere the total pressure P was obtalned at the reguired
instrmented station. The lntegreted average total-pressure loss
of all the compressor-inlet-statlon rekes was chosen as the configu-
ration pressure-recovery value. The results presented were not
corrected for tunnel-wall interference and blocking effects. The
total-pressure loss of the dlrect-ram inlet 1s used as e basis for
camparison with the inertla-separetion conflguretions inveati-
gated. The pressure loss of the varlous conflgurations is pre-~
sented in terme of the mass flow per unlt aree meesured at the
conmpreasor inlet. The effect of varylng the angle of attack of
the model fram 0° to 6° on total-pressure loss, circumferential
mass-flow variations, and veloclity profiles at the compressor Iinled
were negligible for all Inlete Investigated; therefore all aero-
dynemic date are presented for an angle of attack of 0°.

Mein-duct pressure losses. - In general, for normal nonlclag
operation, compressor air passed through only the maln duct and
the total-pressure loss for the conflgurations wes a function of
‘the nacelle-lnlet area, the mass flow, and the area diffuslion char-
acteristics of the inlets. Only for very low mass flows did the
alr pass through the maln and alternate ducts simultanesously for &
nonlclng condition; however, any effect due to flow in both ducts
on the losses was negligible. The pressure loss in figure 4 is
presented in terms of (Py-Pp)/Py. As shown in figure 4, the
inlets having & large nacelle-iniet aree (configurations C, D,
and E) had a considerably lower pressure loss than the smeller
necelle-inlet-area configuration B because of the difference in
dynamlc pressure for similar mass flows, On & compa.ra:bive basis,
configurations C and D approach the pressure-loss values experi-
enced with the direct-ram inlet (configuration A). Small changes
in aree at the alternate-duct inlet di1d not appreclably affect
the main-duct pressure-loss values, as shown by a camperison of
configurations C and D. The decrease ln pressure-loss values for
conflguration B, as compared with values for conflguration B, can
be malnly attribubed to the decreesed dyneamic presswure in the
nacelle inlet, which resulted in lower expension losses at the
alternate-iuct inlet. In eddition, the improved design of the
expansion section downstreem of the duct-splitter ring (fig. 3)
also contributed to a reduction in pressure losses.
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From ah analysis of the static-pressure meesurements obtalned
in the reglon between the duoct-splitter ring and the accessory
housing, it was comcluded that the flow separation off the duct-
splitter ring ocourred at the alternate-duct . inlet, especially for
configuration B. The smaller degree of flow separation for con-
figurstions C and D were due to the lower duct-velooity pressure
for a given mass flow and to an improved fairing of. the duct-
splitter-ring leading edge. Configuretion E showed a high degree
of flow separation, similar to configuration B, primarily because
the seme duct-splitter ring was used. On the basis of the results
obtained in these investigations, it appears feasible to expect a
decrease in the pressure losses for configuration E by refairing
the imner side of the duct-aplitter ring so that a contour and aresa
ratlo simllar to configurations C and D are obtained.

Alternate-duct pressure losses. - Pressure msasurements made
in the alternate duct with the main duct bloocked by a closure plate
to simulate complete blockage of the screen by ice (fig. 5) showed
that, for low mass flows through the altermate duct, only a small
loss 1n total-pressure ratio PO'Pa/PO was experlenced.. At higher
mass flows and as the choked eir-flow condition for the ducts was
approached, the pressure loss increased rapidly.

An analysis of the maximum mess flow passing through the var-
lous configurations indicates that configuration B operated at e
massg flow greater than that produced by sonic veloolty at the
design minimum area. This condition could not exist, however,
because the pressure differences available across the model were
insufficient to induce sonic flow. It therefore is evident that
the experimental alternate-duct-inlet gaps and areas may have
varied from the design areas and geps. The following teble pre-
sents the mass flow at the choking Mach number based on the design
values of the alternate-duct-inlet .area for each inertila-separation
inlet, the maximm air-flow values measured in the investigation,
and the minimm design area of the alternate-duct inlet., It should
be noted that the mess flow per unit flow area for most current
turbojet engines is of the order of 30 pounds per seconl per sguare
foot, or greater. .
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Configu- Caloulated MexImum Deslgn area
ration mess flow eir flow (sg in.)
at choking (measured )
Mach number (1b/sec)
. (deslgn area)
(1b/sec)
B 22.2 23.6 71
C 26.6 22.0 85
D 22.8 21.5 74
B 31.0 23.7 99

A small chenge In the altermate-duct-inlet area or gap, or a
small change in the location of the minimm-area point in the
alternate duct, would ochange the Mach mumber considerably et large
mess flows. Because of the complex curvatures of the configuration
duots, no acourate measurements of inlet areas could be obtained.

Extrapolation of the data presented in figure 5 for configu-
retion B to & point at which the total-pressure-loss curve becomes
approximately vertical (condition of choked eir flow) indicates
that the experimental minimm alternate-duct-inlet area must have
approached a value of approximately 75 sguare inches rather then
the design value of 71 square iInches. Similar calculations for
the remaining configurations indicate that the design areas were
clodely similer to the calculated experimental areas of the
alternate-duct inlet. In view of these considerations, all calcu-
lations of Mach mumber in the following sectioms of this report in
which configuration B is discussed were made using & minimum
elternate-duct-inlet area of 75 square inches.

An analysils of the alternate-duct flow characteristios is
shown in figure 6 where the Mach number at the minimm aree of the
alternate-duct inlet i1s presented as a function of the mess flow
rer unlt area. TIf these curves are extended to the point where
the duct Mach number 1s egual to unity, only configuraetion E would
Pess & mass flow comparable to current englnes. At this mass flow,
howsver, the attendant over-all totel-pressure loss is extremely
severe and unsatisfactory.

The over-all total-pressure-loss values at the compressor
inlet for the inertia-separation models herein reported were very
similar over the range of mess-flow velues investigated (fig. 7).
The high pressure losses shown In figure 7 were caused by losses
in the alternate duct and the diffuser losses from the trailing
edge of the duct-splitter ring to the compressor inlet. A plot of
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the Mach mumber at the alternate-duct inlet as a function of over-
all total-pressure logs in the alternate duct indicates that the
pressure losses at a given Mach number vary directly with the inlet
gep (fig. 8). It 1a apparent that es small a gep as possible

should be used in order to minimize the pressure losses at a specific
Mach number, provided the required mmss flow can be passed through
the duct.

The curves shown 1n figures 6 and 7 may not neceasarily dbe
used for other values of free-stream Mach mumber My. Because of
tunnel-alrspeed limitations, it was imposaible to differentiate
satisfactorily the effects of small local configuration changes on
Pressure losses in the alterpate duct from those effects that might
. be caused by the nacelle inlet at higher free-stream Mach numbers.

Cealculations based on the experimentel data showed that the
diffuser efficlencies of the configurations from the trailing edge
of the duct-splitter ring to the compressor-inlet section ranged
from 60 to 77 percent.

The low diffuser-efficiency values obtained 1n the investi-
getions are attributed to two factors: (1) the large effective
angle of diffusion that wes required in order to diffuse to the
campressor inlet in a relatively short axial distance; and (2) the
manner in which the closure plate, which blocked the main duct,
fitted to the duot-splitter ring. Proper design of the diffuser
sectlon and the slope of the screen ahead of the campressor-inlet
section might, on the basis of reference 3, give diffuser effi-
cienocles in the order of 88 to 90 percent even at duct Mach numbers
approaching 0.2, The correct screen slope is important because
the soreen, when iced, forms one wall of the diffuser (fig. 1).

Application of confl tlons Investigated to exist o - =
As a basis for comparison wlth existing turbojet engines, the chok-
ing altérnate-duct mases flows based on the design alternate-duct
minimm aress are presented in the following table in terms of
compressor-inlet flow area and projected compressor-inlet frontal
area.

Choking mass flow
cﬁig- Compressor-inlet | Compressor-inlet
flow area frontal area
(1b/(sec)(sq £t)) | (1b/(sec)(sg £5))
B 20.6 _ 10.9
c 25.0 13.2
D 2l.4 1.3
E 29,0 15.3
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These data were calculated on the besis of a total pressure
of 29.6 inches meroury andi a total temperature of approximately
700 F. A mess-flow anelysis of the configurations investigated
shows that only the alternate duct of configuration E, if applied
to a turbojet engine, would allow maximum engine air flow at rated
engine speed; however, this air flow could only be passed through
the duct at the choking Mach number with prohibitively high pres-
sure losses. For full-scale considerations, the alternate-duct
area must therefore be lncreased to an extent that it would pess
sufficlent air to the engine at a reasonasble Mach number and pres-
sure loss. This design requirement could be attalned with con-
figuration E by inocreasing the inlet gap about 26 percent and then
scaling the entire configuration to fit the englne. An increase
in the inlet gap, however, does not appsar to be feasible for good
water separation. .

Sample calculations based on a corrected simplified analysis
presented in reference 1 indicate that the configurations investi-
gated greatly reduced the water that would otherwise be taken into
an engine by a direct-ram inlet. The following table presents the
results obtained from these calculations:

. Droplet-size Droplet | Free-stream |Ratlio of water teken
distribution size ailrgpeed into engine with
(reference 4) | (microns) (mph) inertia-separation

Inlets to
direct-ram inlet
(percent)
_Iniet B | Tnlet E
A 5.0 250 15.6 28.6
A 7.5 250 2.0 16.4
A 10.0 250 0o 3.0
A 12.5 250 0 o}
E 10, meen 250 2.0 8.4
effec-
tive

The assumptions made for these cealoulations were: (1) The simpli-
fied analysis of reference 1l 1s spplied; (2) the flow is incom-
Pressible and at standard ses-level conditions with no nacelle-
scooping effects; and (3) the meximm alternate-duct Mach mumber
was essumed to be 0.6. Inoreasing the inlet gap for configura-
tion E by 26 percent, as previocusly discussed, would permit a
water intake of 18 percent of the water available at the nacelle
inlet for the E droplet-size distribution in the preceding table.
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Because the air veloocity in the duct and the inlet gap are
primary factors in determining the separation effectiveness of an
inlet, the most feasible alternative in applying configuration E
to an engine such as desoribed in reference 1 would be to inorease
the radial location of the altermate-duct inlet from the center

line of the nescelle, thereby increasing the inlet area of the alter-

nate duct while maintaining the original gap dimension. This pro-
cedure would in most cases necesslitate an lnorease in the over-all
dimensions of a given nacelle installation, thereby increasing the
drag of the nacelle, but maintaining good water-separation
effectliveness.

Effect of total-pressure loss on thrust. -~ On the hasis of
stulles reported in reference 5, the effect of a deorease in total
presgure in an inlet causes a decrease in the thrust obtainable
with an engine and also inoreases the gpecific fuel consumption.
The relation of the total-pressure-loss ratio with thrust and spe-
cific fuel consumption is approximately linear and varies somewhat
with free-gtream Mach number. The loss Iin thrust is a function of
the ram pressure loss as well as the loss in mass flow.

The loss in thrust and inocrease in specifio fuel consumption
to be expected with use of the inertia-gseparation inlets investi-
gated herein are shown in figure 9 as a function of the Mach num-
ber at the alternate-duct inlet. The dashed lines indicate lines
of constant mass flow. From the curves shown in figure 9, it is
apparent that large performance losses can be anticipated for the
inlets investigated herein for oconditions of. large mass flow and
high alternate-duct Mach mumbers. For an aircraft, this loss in
thrust would occur when an icing condition was encountered that
would cause the mass flow to shift to the alternate duot. Further-
more, the aircraft would continue at this reduced thrust even after
ressing out of the icing condltion until the fce on the mein-duct
screen had been melted by operation in warmer ambient air. Opera-
tion of an engine at reduced thrust and increased fuel consumption
for any great length of time would considerebly reduce the speed
and range of an aircraft.

Yelooclty distribution at compressor inlet. - Typical radiel
profiles of velocity (fig. 10) are shown plotted in terms of the
ratio of the local velocity to the average velocity at a glven rake
station as a function of duct width ratio /L. All deta for the
normal nonicing operating condition (fig. 10(a)) were obtained
without screens in the duct and at mayimum air flow. All iplets
Investigated showed a pronounced temdency for the flow to separate
off the imner surface of the duct-splitter ring, confirming an

1316



9TCT

NACA FM ESQEO03 13

enalysis of the static-pressure readings obtained in the region
between the duct-splitter ring and accessory housing, from which
it was concluded that flow separation occurred near the leeding
edge of the duct-splitter ring. The percentage varlation of the
radlal profiles of velocity wes approximately +10 percent of the
average veloclty et the campressor face.

Radlel profiles of velocity obtained in the alternate duct
with the main duct blocked at maximum eir flows (fig. 10(b)) indi-
caete that far & narrow alternate-duct gap (configuration B) the
alr flow tends to separaste from the outer surface of the ducht-
splitter ring. For large alternate-duct geps (configuration E),
the flow tends to separate in the elbow at the nacelle-wall sur-
face. The nonuniform profiles of velocity at the compressor inlet
wlth the main duct blocked (fig. 10(c¢}) indicate ailr-flow sepera-
tlon at the end of the duct-splitter ring. The percenbage varia-
tion of the velocity across the duct at the compressor inlet :
avereged approximately £20 percent. No appreciable changes were
observed 1in the profiles with a change in mass flow.

The effects of & nomuniform veloolty at the compressor inlet
on compressor performance have not been evaluated; hence, no esti-
mete can be made at this time of the loss in thrust that could
occur by use of such nonmmiform veloclity profiles.

Toing Characteristics

The lcing characteristics for the configurations investigated
were similar, differing only as to extent amd local guantity of
ice on the various engine components. Because of this similarity
of loing charecteristics, generalired descriptions of component
icing are presented with minor differences polnted out as required.
The 1cing photographs presented hereln are typical for all inlets
except where stated. The solid lines of the sketoches included
with some of the photographs indicate the configuration components
that are seen in the.icing photograph.

Typical ice formations on the nacelle-inlet lipe and accessory
housing, as shown in figures 11(a) and 11(c), were very similar to
those encountered in natural icing conditions (reference 6}. The
icing of the nacelle-inlet walls was dependent on the inlet-
velocity ratios. In all ceses, wall ice formetions were observed
at low mass-flow values that corresponded to low injet-veloclity
ratios (fig. 11(b)), whereas for high mess-flow values or high
inlet-veloclty ratiocs no such wall ice formations were observed
(fig. 11(c)).



14 ., . KNACA BRM ESQEQO3

The effect of iloing on the remainder of the nacelle components
will be giscussed in detall because the manner in which they
tended to 1ce indicated the effectiveneas of the lnertla-gseparation
inlets.

Screen lcing. - In general, the lclng of the round-wire screen
was similar for all configurations (fig. 12(a)). As the rowmd
wires began to ice, the ice formatlons were parallel to the ailr
stream; however, es the effective frontal area was reduced by the
ice, the air curved around these formations and pessed through the
staggered rows of wires, in turn causing the ice formatioms to
curve toward the accessory housing. Total pressure and aerodynamic
forces on the ice formation sometimes became too great and the ice
ridges broke off and were passed through or lodged agalnst the
screen, causing rapld and severe momentary mess-flow and total-
pressure fluctuetions. This rupture of the lce ridges ocourred
with both rime and glaze lce.

When the sgtreamlined-wire screen with the greater wire spac-
ing was used, the curving of the ice formations as & result of the
stagger of the screen wires was even more evident. The greater
collection efficlency of the streamlined wires caused a more rapld
buildup of loe than the round wlres. A mushrooming tendency of
the ice formations on the streamlined-wlre screen is shown In

figure 12(b).

Duct-gplitter ring. - The ice formations on the leading edge
of the duct-splitter rgngs (fig. 13) for the configurations
investigated extended into the alternate duot to a point at which
the surface of the ring was tengent to the leading-edge radius of
the ring. For cases when the lce formations on the leading edge
also extended into the maln duot, the ice tended to proJect for-
ward into the air stream along the portions that were protruvding
into the main duct and in time might have blooked the alternate-
duct Inlet.

Alternate duct. - The ice formatlons in the alternate-duct
elbow were caused by secordary inertla separation in the turn from
the alternate-duot inlet to the alternate duot formed by the duct-
gplitter ring and the nacelle wall. Because of thls effective
seconiary separatlon, however, the ridges of lce In the alternmate-
duct elbow bullt up very rapldly and choked the elbow to such an
oextent that the mess flow and total-pressure losses were seversely
affected.

1316
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Front and rear views of a typlcal lce ridge in the elbow of
configuration E are shown in figures 14(a) and 14(d), respectively.
These ice ridges occurred approximately helfway through the elbow
and protruded into the salr stream, thersby reduclng the effective
duct area. At times, the ridges were very thin and broke off
unevenly during an lcing perlod, which caused sevare fluctuations
and shifts in mess flow and tobtal-pressure losses.

Because secordary lnertle separation occurs 1n the elternate-
duct elbow, a considerable amount of the remaining water in the
incoming alr is concentrated near the alternate-duct nacelle wall,
as shown by the ice famation on the 0.06Z2-inch-dlameber lce=-
Indicating rod in figure 15. The profile of the 1ce formation
gshown in figure 15 was turned approximately 90C to the air flow
to facilitate photographing the ice formations.

Bearing struts. - Comparetive photographs of bearing-strub

icing for a direct-ram inlet (no screen) and water-inertis-separation
inlets are shown In fligure 16. Bearing-strut icing is a minoxr factor
with water-inertia-geparation inlets (fig. 16(b)), whereas with a
direct-ram inlet extremely severe icing ocours (fig. 16(a)). The
heavy deposits of 1ce near the nacelle walls of the struts for the
direct-ram inlet were caused by the deflectlon characteristicas of the
accessory housing and the ice formations on the nose of this housing.

Inlet guide vames. - With the direct-rem inlet (mo screen),
extremely severe ioe formations on the indicator blades were
observed (fig. 17(a)). The straight blades hed as much as 2 inches
of ice on the leading edge with a maximum frontel thickness of
almost 1 inch during an icing period of 15 minutes.

Straelght-indicator-blade icing characteristios are shown in
figure 17(b) for a typical inertia-separation inlet. The greatest
amount of ice with any configuration was approximately 0.25 inch
for an loing period of 20 minutes. For most inlets s the over-all
separation effectiveness wes substantially similar end the differ-
ences In separation gquealities were of a locel nature. An examina-
tion of the megnitude of ice formations collected on the straight
flat blades for configuration A (with no screen, fig. 17(a)) and
configuration E (fig. 17(b)}) shows that the weter collection in
the form of ice for the configuration E blade 1s approximately
8 percent of that for the direct-ram inlet. This quantity of
water collection is in olose agreement with calculated weter-
volume-intake percentage (8.4 percent) previously discussed.

The curved blade for configuration A (flg. 18(a)) was sub-
Jected to the same lcing condition as the flat blade in Pigure 17(a).
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The concave side of the curved blade was heavily iced and, based
on the conventional close spacing for this size blade in an engine,
the Inlet guide vanes would have been completely blocked except
near the accessory-housing surface,

Typical ocurved-indicator-blade icing for inertia-separation
inlets 1g shown in figure 18(b). Under no conditions were large
deposits of ice obmerved on the curved blade when the inertia-
separation inlets were used for loing periods up to 20 mimmtes,
and furthermore, no noticeable mushrooming of the ice ocourred at
the leading edge. -

Aerodynamic Effects of Ioing

Although an engins would not experience a decrease in mass
flow in the same measure as the inlets imstigated, the reduction
in the mass flow through the Inlets in an icing condition is indic-
ative of the rate of ice formation and pressure loss in the various,
duct passages. Aerodynamic data for the icing 1nves‘biga.tions con-
ducted with the configurations are therefore presented in terms of
the mess~flow ratio m/ as a function of time in an lcing con-~ .
dition. Inveetigations were mede to determine the total-pressure
loss and the decrease in mass flow with time under varying icing
conditlions, free-stream velocitles, mase flows, and type of main-
duct soreen.

The general effect of some of these variables for configura-
tion A 1s presented in figure 19. For similar icing conditions,
the mess-flow rate was reduced more rapidly at high initial ma.ss
flows than et low initial mess flows. The increased curvature of
the flow fleld shead of the nacelle for conditions of low nacelle
alr flow decreased the total amount of 1liquid water taken into the
nacelle inlet for thege particular investigations. The reduction
of water in the nacelle main duct decreased the lcing rate of the
screen and consequently the mass-flow reduction rate is also
decreased. By a simllar procedure, the ilcing rate for the inertia-
separetion inlets is decreased at low mass-flow rates.

In general, the effect of the type of ice, glaze cr rime, is
that glaze ice, which prevelils at higher air temperatures, oauaed.
& more rapld blocking of the screen apd conseguently & decrease in the
time required to reach a given mass-flow value than did rime ice,
&8 Iindicated in figure 19. .

The effect of the type of ice on mass-flow reduction was not
observed in the inertias-separation configurations because of the
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flow shift from the mein duot inmto the alternate duct. The result-
ing ice formetion in the alternate-duct elbow controlled the
reduction in mess flow, ard the lce formations were of such a
nature as to produce epproximately simller mass-flow reductlon
rates in all the confligurations. Comparisons of the reduction of
mass £low through the lnertia-geparation configurations as a func-
tion of time in an loling condltlion at two amblent-alr temperatures
are shown in figure 20. This figure shows that, by the use of
water-inertia-separation inlets, the time required to reach a given
percentage of mess-flow decreoese is approximetely four times
greater than that required by & direct-ram inlet (with screen) to
reach the seme value of mass flow.

The losg in total pressure with time in an icing comiltion
gave the same generel results as discussed for the mass flow. In
general, the time required for the total-pressure loss to reach a
particular value for the insrtia-separation Inlets was approxi-
mately four times greater than that required for the dlrect-ram
inlet. Icing investigatlons of the direct-ram inlet without a
screen showed an approximate loss of 1.5 percent of the initial
total-pressure value during an lcing period of 15 minutes and for
maximm alr flow through the model.

CORCLUDING REMARES

All surfaces of a turbojet-engine Inlet on which heavy lcing
ocours must be heated to prevent excesslve 1lce bulldup thet may
lmpelr the aerodynamlic performance. These surfaces linclude the
nacelle-inlet 1ips, duct-splitter-ring leasding edge, alternate-
duct elbow and necelle-wall surface, and the nose of the accessory
housing. The ilcling of the accessory housing may be serious only
for icing conditions in which glaze lce 1s encountered or rime-~
loing periods of several hours duration. The surfaces must be
heated to evaporate the water over & lerge area or water traps
must be provided to prevent refreezing of runback.

The requirement for extensive local surface heating, in addi-
tion to the asrodynamic penaltles assocliated with insrtia-gseparation
Inlets and incomplete wabter-droplet separation out of the air
stream, will probebly llimit the use of these Inlets as a means for
turbojet-engine ice protection.
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SUMMARY OF RESULTS

From an investigation of the aerodynamic and icing character-
latics of several water-inertia-separation Inlets of a turbojet
engine, the following results were obtained:

1. Complete icing protection for inlet gulde vanes of a turbo-
Jot engine could not be achleved, as evidenced by lce formations
on an ice~indicator rod in the alternate duct andi on ice-indicator
blades at the compressor inlet. _

Comparative lcing rates on ilce-indicator blajdes for a direct-
ram inlet and inertia-separation inlets showed that approximately
8 percent of the volume of water availlable at the nacelle inlet
was not separated out of the air stream by the inertia-separation
inlets Investigated.

2. In a nonicing conditlion, the total-pressure losses of the
inertia-geparation inlets designed to have low dynemic pressures
in the main duct approached that of a conventional. direct-ram
inlet. ' ' '

5. Total-pressure-loss values for the alternate-duct system
were conslderably higher than for a direct-ram inlet. It was
determined that the pressure losses for the alternate-duct system
were a function of duct Mach number and duct-diffuser characteris-
tics. Severe pressure losses occurred when the duct Mach number
exceeded values in the range of 0.5 to 0.6. '

4. No significant effects on total-pressure losses s velocity
profiles at the compressor .inlet, or circumferential mess-flow
shifts for the inlets investigated were observed for angles of
attack up to 8°. g

. 5. Becondary water inertia separation in the alternate duct
ocaused heavy duoct-elbow icing and resulted in a decreasing mass

flow end rapid total-pressure losses, although the use of inertia-
separation inlete increased the time required to reach a particular
loss in pressure or mess flow by a factor of approximately 4 com-
pared with the time required by the direct-ram inlet with compressor-
inlet screen under the same conditions.

" 6. A mess-flow analysis of all configurations showed that
only the configuration with the largest altermate-duct inlet gap
(1.9 in.) could pess a mass flow through the alternate duct that
is required by current engines. This air Flow, however, could
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only be passed through the duct at the choking Mach mumber with
attendent high total-pressure losses. large mass flows at Mach:
numbers below 1.0 at the minimum area in the alternate duct,
resulting in lower total-pressure losses, may be obtailned by
increesing the dieameter of the nacelle in order to obtaein a larger
alternate-duct area.

Lewis Flight Propulsion Laboratory,
Natlonal Advisory Committee for Aeronautics,
Clevelend, Chio.
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TABLE I - NACELTE OUTSIDE-CONTOUR COORDINATES
WITH REFERERCE TO NACELLE LEADING
EDGE AND CENTER LINE

1316

[o, outside contour; all values 1in inches]

- - - — er line

X Jo X Jo X Jo X Yo

Configurations A end B; leading-edge radius,
0.375 at 6.563 above center line

0 6.55 4.50 9.20 | 13.50 | 12.50 | 22.50 | 13.90
.188'| 6.82 6.00 | 10.40 | 15.00 | 12.75 | 24.00 | 14.00
375 | 7.00 7.50 | 10.90 | 16.50 | 13.05 | 25.00 :| 14.00
.750 | 7.40 | 9.00 | 11.40 | 18.00 | 13.30 | 26.62 | 14.00

1.500 | 7.95 }10.50 | 11.80 | 19.50 | 13.55

3.000 | 8.95 }12.00 | 12.15 | 21.00 | 13.75

Configurations C, D, and E; leading-edge radius,
0,375 at_ 7,563 above center line

0 7.55 3.00 9.87 | 10.50 | 12.37 | 18.00 | 13.64
.188 | 7.87 4.50 | 10.50 } 12.00 | 12.70 | 19.50 | 13.80
.375 | 8.07 6.00 | 11.04  13.50 | 13.00 | 20.37 135.87
750 | 8.43 7.50 | 11.55 | 15.00 | 13.28

1.500 | 9.00 92.00 | 12.00 | 16.50 | 13.50
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TABLE IT - NACELLE INSIDE-CONTOUR COORDINATES
WITH REFERENCE TO NACELLE LEADING EDGE
-AND CENTER LINE
[i, inside contour; all values in 1nc_hés]

e X ———f

Config- x F1 Radlus
uration
B 8.187 8.375 Rl 2.50

12.875 | 8.250 | Ry 3.00

C,D,E| 8.12 [9.50 [Ry 2.50
13.10 | 9.00 | B, 2.50,

Ry
71 7?
— _ _ Center line

x ¥y x | 7 x | 7 x [ 3
Configuration A
0 6.55 6.00 | 5.0 | 16.00} 8.65 | 22.50 | 10.12
.188 | 6.20 9.00 | 6.00 | 16.50 | S.05 | 24.00 | 10.30
.375 | 6.10 | 10.50 | 6.85 | 18.00| 9.35 | 25.00 | 10.43
.750 | 6.00 | 22.00 | 7.55 | 19.50 | 9.65 | 26.82 | 10.50
3,000 ] 5.95 | 13,50 | 8.15 | 21.00| 9.88
Conflguration B
o 6.55 0.375] 6.10 8.18| 5.88 | 18.00 | 11.38
.188 | 6.20 .750} 6.00 | 15.75|11.25 } 26.62 | 10.50
Configurations C, D, and E
0 7.55 7.00 j 7.00 | 18.50 | 11.37 | 23.12 | 10.94
375 | 7.19 } 15.50 [11.50 | 19.50 | 11.29 | 23.87 | 10.77
.750 | 7.06 }| 16.50 {11.46 | 20.50 j 11.16 | 24.87 | 10.50
1.500 (7.00 | 17.50 [11.43 | 21.62 | 10.84 | 25.87 | 10.25

21



a2

NACA RM ES0EO3

TABLE III - COORDINATES FOR DUCT-SPLITTER RING AND ACCESSORY-

HOUSING NOSE REFERENCED FROM RESPECTIVE NACELLE-

NOSE LEADING EDGE AND NACELLE CENTER LINE

-[1 » inside contour and o, outslde contour; all values in 1nches]

fe—— X ——»=

/M

J

Yo 1 ?
) - * _ Center line
x |9 [ Y [ x* [y [Fo [ T |31 |%
Configuration B; leading-edge radius, 0.600
12.00 | 8.70 8.70 | 13.25 | 8.18 | 10.05 | 16.00 | 9.02 ]10.00
12.25 | 8.25 g.52 | 13.75.| 8.32 | 10.10 | 17.00 | 9.25 9.92
12.50 | 8.18 9.84 | 14.25 | 8.52 | 10.10 | 18.00 | 9.42 9,85
12.75 | 8.06 9.90 |} 15.00 | 8.75 | 10.07 | 19.00 | 9.57 9.77
Configuration C; leading-edge radius, 0.600
12,24 | 8.75 9.75 | 14.04 [ 8.81 | 10.25 | 18.04 | 9.50 8.95
12.43 | 8.62 | 10.00 | 15.04 | 9.03 | 10.20 | 19.04 | 9.62 9.85
12.78 | 8,50 | 10.19 | 16.04 |} 9.20 | 10.15 | 19.54 | 9.66 9.80
15.04 | 8.56 | 10.25 | 17.04¢ | 9.35 | 10.05 | 19.87 | 9.70 8.70
Configuration D; leadlng-edge radius, 0.600
11.90 | 8.69 8.50 | 13.04 | 8.56 | 10.25 | 17.04¢ | 9.35 [10.05
12,04 | 8.56 9.80 | 14.04 | 8.81 | 10.25 | 18.04 | 9.50 8.95
12.29 | 8.47 | 10.06 | 15.04 | 9.03 | 10.20 | 19.04 | 9.62 9.85
12.54 | 8.44 | 10.15 | 16.04 | 9.20 | 10.15 | 19.87 | 9.70 2.70
Configuration E; leadlng-edge radius, 0.600
12.31 | 8.70 8.70 | 15.56 | 8.18 | 10.05 | 16.31 | 9.02 [10.00
15.56 | 8.25 9.52 | 14.06 | 8.32 | 10.10 | 17.31 | 9.25 9.92
12.81 | 8.16 9.84¢ | 14.56 | 8.52 | 10.10 | 18.31 | 9.42 9.85
13.06 | 8.06 9.90 | 15.31 | 8.75 | 10.07 | 19.31 | 9.57 8.77
Accessory-housing nose coordinates
x J X J . X ¥ x J
10.000 | O 12.125 | 3.90 | 15.125 | 5.65 | 18.125 | 6.40
lo.625 | 2.15| 13.825 | 4.95 | 16.625 | 6.05 | 19.625 | 6.60

“QZEE§§;7'
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Figore 1. = Typloal internal water-insrtia-separation inlet showing principal components.
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Figure 2. - Installation of typioel internal weter-inertia-seperation nacelle
inlet in loing-research twmnel. -
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------- Configuration A

| ST S S |
Configuration B ° :I'.‘ioh:l 6

{a) High-inlet~velocity nsocelle.

Center line
Configuration C . 0O 2 4 t
———ee- Jonfiguretion D Inoches

————— Gonfiguration B

(b} Low-inlet-velocity nacells. g

Pigure 3. = Oross-sectional views of nacells configurations investigated.
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Config-
uration

d4podno
Boauope

‘?iL? .06

.':;;' .04 ﬂ/

" Ay

: A

Bt = .

o 8 16 24 ' 40

32
Mass flow per unit area, 1lb/(sec)(sq ft)

Figure 4, - Variation of over=-all total-pressure-loss ratilo
with mass flow per unlit air-flow area at compressor inlet
for normal operation with main-duct screen removed. Air-
speed, 250 miles per hour; angle of attack, 0°.
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Total~-pressure-loss ratio, Py-Pa

29

Config-
024 uration
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« 020}
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.01L6
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/
o /

(o] 8 16 24
Nass flow per unit area, 1b/(sec)(sq ft)

Figure 5. - Varlation of total-pressure loss in alternate
duct with mass flow per unit alr-flow area at compressor
inlet. MNain duct blocked; airspeed, 250 miles per hour;
angle of attack, 0°.
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Mach mumber in alternate duct at G, Ny
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Config-
uration

4po0
Ruaw

/
/

/
v

-4 7 /
T
Va

24
Mass flow per unit area, 1b/(sec)(sq ft)

Flgure 6. - Variation of alternate-duct Mach number with
mass flow per unlt air-flow area at compressor inlet.
Main duct blocked; airspeed, 250 miles per hour; angle of
attack, 0°,
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Total-pressure-loss ratio, Po-Pg

Configa=
uration

4> opgo
BuQug»>

.08

.04
/
.02 /
A/ ,,AP//
fJI—
0 T—“”Zs 24 40 -

52
Mass flow per unit area, 1b/(sec)(szq f£t)

Figﬁre 7. - Variation of over-all total-pressure-loss ratio
with mass flow per unit air-flow area at compressor inlet.
Mein ductoblooked; airspeed, 2560 miles per hour; angle of

attaock, .

31
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Total-pressure-loss ratio, Fo-F2.

NACA RM ES0E03 -

Config- Design =
"uration inlet P
.7 :
n B 1.3
¢ ¢ l.8
A D 1.4
v E l.9

.08

P

~~

™

o F\

- //Q/'

ﬁ// /

o
=

g

-

A

o 2 o4 6 «8 1.0
Mach number at alternate-duct inlet

Pigure 8. - Variation of total-pressure-loss ratio with Mach
number at alternate-duct inlet for various inlet gaps.
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2e configurationkz
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Mach number at alternate-duct inlet

Figure 9. ~ Performance losses associated with
inertia-separation inlets.
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{(b) Alternate duot, main duct bloocked; maximum mass
flow per unit area, approximately 19 to 22 pounds

per second per square foot.

Hgn'o' 10. = Typlcal radial velocity profiles, lirlpeod, 260
miles per hour; angle of attack, 0°,
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Local velocity ratio at compressor inlet, Vp/Vp 4y
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Config-
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(o) Compressor inlet, main duet blocked; maximum mass
flow per unlt area, approximately 16 to 22 pounds
per second per sqQuare foot.

Figure 10. = Concluded. Typical radial veloclty prgfiles.
Airspeed, 250 miles per hour; angle of attack, 0°.
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(a) Temperature, 10° ¥; loing pericd, 1l minutes; initial meass flow per
unit area, 25.5 pounds per second per square foot,

(b) Temperature, 10° ¥; icing period, (o) Temperature, 20° ¥; loing period,
20 minntes; initlal mess flow per 15 mimites; initial mass flow per
unit area, 12.5 pounds per second unlt area, 25.4 pounis per second
per sguare foot. per aquare foot.

Figure 1ll. - Typioal ice formations on nacelle~inlet lips, nacelle-inlet walls, and

accessary housing for configuration E. Alrspeed, 250 milee per howmr; ligquid-water
content, 0.6 gram per oublc meter. .
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(a) Oonfiguration A; round-wire soreen; {b) Configuration D; streamlined-wire
loing period, 7 minuntes; initial screen; loing perlod, 22 minutes;
mess flow per unlt area, 21.9 pounds Anitiel mase flow per unit erea,
per second per square foot. 18.7 pounds per second per square

foot. -

Figute 12. - Typical ice formations on main-duct screen. Airspeed, 250 miles per hour;
1liguid -water content, 0.6 gram per cubic meter; temperature, 10° ¥,
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Direction of photograph

Figure 15, - Typical ilce formations on duct-splitter ring of inertia-separation inlets.
Round-wire soreen; temperature, 10° F; alrapeed, 250 milea per hour; liguid-water
content, 0.8 gram per cubilc mster; icing perlod, 1l minubes; Initial mess flow per
wnit area, 23.7 pounds per second per square foot.
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Faoure 14. - Typdeel loe Pawmebions in albernabe~tuot albow for oconfigwwmtion E. Adrspeed, £50 miles per hour; ligeid-
watsr combent, 0.8 gram pex cubdc meter; bemperabmee, 10° ¥j iloing pedod, 20 minmbes; inlhtial mass flow per it avea,
1£.3 poumils per mecond. per mquare foob.

'
i
H ' '

o

.
b Y
e - —— —
G.IEBI

€03063 Nd VYIVN

cr






L0100

NACA RM EBOEO3 T ) : 45

- ”
/” [’ - T T e m o
_” i '/ et —————
’ -
’ 1 - ]
7 ; ~ :l"n'lr
f-___________/’ | tBp iy
I __annud sl

I 1 /’—’
| Pt
| | R
| o
| ; T
| I}
1 _ -1 — —_ —_—

Figure 15. - Remresentetive photograph of 1lce formeations on 0.062-lnch-dismeter ice-
indicator rod in alternate duct for configurstion E. Alrspeed, 250 miles per howr;
liquid-water content, 0.8 gram per oublic mester; temperature, 10° F; iloing period,
11 minutes; initial mess flow per unit area, 24.5 pounds per second per squers foot.
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(a) Configuration A; no screen; ioing period, 15 minuwtes; initial mass
flow per unit area, 28.4 pounds per second per sguare foot.

(b) Configuration C; streamlined-wire soresn; icing period, 10 minutes;
initial mass flow per unit aree, 27.2 pounds per second per aguere
foot.

Flgure 18. - Comperison of ioe formations on bearing struts for direct-ream inlet and
typical inertia-separation inlet, Alrspeed, 250 miles per hour; liquid-water con-
tent, 0.8 gram pér oublo meter; tempereture, 10° F.
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(e) Configuration A; no screen; ilcing period, 15 minutes; initial mmes flow per
unit area, 28.4 pounds per seoond per aquare foot.

————————
Alrstream &3

(b) Configuretion E; round-wire screen; ioing periocd, 1l minutes; inltlal mass
b flow per wnit area, 24.5 pounis per second per square foot.

Figure 17. - Oomparison of flat-inlet-guide-vane loing characteristios for direct-ram
inlet and typical inerties-separation Inlet. Airspeed, 250 miles per hour; liguid-
water content, 0.8 grem per oublo meter; temperaturs, 100 F.
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(a) Configuration A; loing pericd, 15 minutes; initlal mess flow per
wnit area, 28.4 pounds per second per square foot.

C-25685
4.24.50

(b) Configuration D; loing period, 12 mimutes; initiel mess flow per
unit area, 17.8 pounids per second per square foob.

Figure 18, - Comparison of curved-inlet-guide-vane ilcing charmcteristics for direot-
ram inlet and typloal inertia-separation inlets. Alrspeed, 250 miles per hour;
ligquid-wvater ocontent, 0.8 gram per oubic meter; temperature, 10 F.
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Mass-flow ratio, m/my
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Temper~ Initial

ature mass flow

T m
(°F) (1v/sec)

£0 14.85
20 256.8
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Figure 19. - Varlation of mass-flow ratio for configuration A
with time in iclng cecondition.
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Icing perlod, min
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Round-wire screen; alrspeed,

250 miles per hour; angle of attack, 0°; liquid-water
ocontent, 0.6 gram per cubic meter.
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Config- Initial
uration mass flow
- m
(lb/%eo)
o A 25.2
1. A D 26.3
v E- 28.0
.8 NG ‘\
\ B
E' «6
3 (a) Temperature, 10° F.
3 Conflg= Initial
‘E uration mass flow
[ (1n/eec)
o
9 ° A 25.8
« A D 28.2
a v B 27.2
§ 1.0 ae v
’\\
.8 & =
.8 \-‘-‘
.‘ 1 1
0 4 - 8 . . 12 16

Icing period, min
(b) Pemperature, 20° P,

Flgure 20, -~ Oomparison of change in mass-flow ratio for various
inlets as function of time in lcing condition. Round-wire
screen; alrspeed, 250 miles per hour; liqu:ld-vaber content,
0.6 gram per cublc meter. ] .
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